



 EMBED Word.Document.8 \s [image: image1.emf]3.2 :   a)  
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 EMBED Word.Document.8 \s [image: image2.emf]3.3:    The position is given by 

j i r

ˆ ) s cm 0 . 5 (

ˆ ] ) s cm 5 . 2 ( cm 0 . 4 [

2 2

t t

  

 .   (a)

i

ˆ
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

r
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ˆ
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ˆ
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ˆ
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ˆ

] s) 2 )( s cm (2.5 cm 0 . 4 [ ) s 2 (
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    

r

. Then  using the definition of average velocity, 

. j i v

j i

ˆ
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ˆ
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ave


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 at an angle of 


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.   b) 

j i j i v

ˆ
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



. Substituting for 

s 1 , 0



t

, and 2 s, gives:  

j i v j v

ˆ

) s cm 5 (

ˆ

) s cm 5 ( s) 1 ( ,

ˆ

) s cm 5 ( ) 0 (

  

 
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j i v

ˆ

) s cm 5 (

ˆ

) s cm 10 ( s) 2 (

 



.  The magnitude and direction of 

v



 at each time therefore are: 

s cm 0 . 5 : 0



t

 at 



90

; 

s cm 1 . 7 : 05 . 1



t

 at 

s cm 11 : 05 . 2   ; 45

 

t

 at 


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.   c)        



 EMBED Word.Document.8 \s [image: image3.emf]3.4:  

j i v
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

45

- angle with both axes when the  x -  and  y - components are equal; in terms of the parameters, this time is 
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.    



 EMBED Word.Document.8 \s [image: image4.emf]3.5:  a)          b)    
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 EMBED Word.Document.8 \s [image: image5.emf]3.6:  a) 
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2
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x
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2

   

y

v

.   b) 
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  

v

, at an angle of 

 

 
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5 . 6

52 . 0

 above the  horizontal.   c)        



 EMBED Word.Document.8 \s [image: image6.emf]3.7:  a)       b)  
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  c) At 

s 0 . 2



t

, the velocity is 

j i v

ˆ

) s m 8 . 4 (

ˆ

) s m 4 . 2 (

 



; the magnitude is 

s m 4 . 5 ) s m 8 . 4 ( ) s m 4 . 2 (

2 2

  

, and the direction is 

 

  



63 arctan

4 . 2

8 . 4

. The  acceleration is constant, with magnitude 

2

s m 4 . 2

 in the 

y



- direction. d) The velocity  vector has a component parallel to the acceleration, so the bird is speeding up. The bird is  turning toward the 

y



  - direction, which would be to the bird’s right (tak ing the 

z



- direction to be vertical).    



 EMBED Word.Document.8 \s [image: image7.emf]3.8:          



 EMBED Word.Document.8 \s [image: image8.emf]3.9:  a) Solving Eq. (3.18) with 

0



y

, 

0

0



y

v

 and 

s 350 . 0



t

 gives 

m 600 0

0

. y

 .        b) 

m 385 . 0



t v

x

 c) 

       

2 . 72 , s m 60 . 3 , s m 43 . 3 s, m 10 . 1

0

v gt v v v

y x x

  below the horizontal.      



 EMBED Word.Document.8 \s [image: image9.emf]3.10:  a) The time  t  is given by 

s 82 . 7

2

 

g

h

t

.       b) The bomb’s constant horizontal velocity will be that of the plane, so the bomb  travels a horizontal distance 

m 470 ) s 82 . 7 )( s m 60 (

  

t v x

x

.       c) The bomb’s horizontal component of velocity is 60 m /s, and its vertical component  is 

s m 7 . 76

  

gt

.   d)        e) Because the airplane and the bomb always have the same  x - component of velocity  and   position, the plane will be 300 m above the bomb at impact.      



 EMBED Word.Document.8 \s [image: image10.emf]3.11:  Take 

y

  to be upward.   Use Chirpy’s motion to find the height of the cliff.  

s 50 . 3   ,   , s m 80 . 9   , 0

0

2

0

      

t h y y a v

y y

 

m 0 . 60 gives

2

2

1

0 0

   

h t a t v y y

y y

  Milada: Use vertical motion to find time in the air.  

? , s m 80 . 9 m, 0 . 60 , 0 . 32 sin

2

0 0 0

       

t a y y v v

y y

 

s 55 . 3 gives

2

2

1
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   

t t a t v y y
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  Then 

s 55 . 3 , 0 , 0 . 32 cos

0 0

   

t a v v

x x

 gives 

m 86 . 2

0

 

x x

.      



 EMBED Word.Document.8 \s [image: image11.emf]3.12:  Time to fall 9.00 m from rest:  
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
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
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 EMBED Word.Document.8 \s [image: image12.emf]3.13:  Take + y  to be upward.   Use the vertical motion to find the time in the air:  
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s. m 6 . 30   gives  

0

2

2

1

0 0

   
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     b) 
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
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 EMBED Word.Document.8 \s [image: image13.emf]3.14:  To make this prediction, the student needs the ball’s horizontal velocity at the  moment it leaves the tabletop and the time it will take for the ball to reach the floor (or  rather, the rim of the cup). The latter can be determined simply by measuring  the height  of the tabletop above the rim of the cup and using 

2

2

1

gt y



 to calculate the falling time.  The horizontal velocity can be determined (although with significant uncertainty) by  timing the ball’s roll for a measured distance before  it leaves the table, assuming that its  speed doesn’t change much on the hard tabletop. The horizontal distance traveled while  the ball is in flight will simply be horizontal velocity 



 falling time. The cup should be  placed at this d istance (or a slightly shorter distance, to allow for the slowing of the ball  on the tabletop and to make sure it clears the rim of the cup) from a point vertically below  the edge of the table.      



 EMBED Word.Document.8 \s [image: image14.emf]3.15:  a) Solving Eq. (3.17) for 

0



y

v

, with   

0 . 45 sin ) s m 0 . 15 (

0

y

v

,    

s. 08 . 1

s m 80 . 9

45 sin ) s m 0 . 15 (

2







T

     b) Using Equations (3.20) and (3.21) gives at 

m) 52 . 4 , m 18 . 6 ( ) , (   ,

1



y x t

: 

) m 52 . 4 , m 8 . 16 ( , : ) m 74 . 5 , m 5 . 11 ( ,

3 2

t t

.            c) Using Equations (3.22) and (3.23) g ives at 

), s m 9 . 4 , s m 6 . 10 ( : ) 0 , s m 6 . 10 (   , : ) s m 9 . 4 , s m 6 . 10 ( ) , (   ,

3 2 1

 

t t v v t

y x

 for  velocities, respectively, of 

s m 7 . 11

 @ 24.8  , 

s m 6 . 10

 @ 0   and 

s m 7 . 11

 @   24.8  .  Note that 

x

v

 is the same for all times, and that the  y - component of ve locity at 

3

t

 is  negative that at

1

t

.            d) The parallel and perpendicular components of the acceleration are obtained from    

. , ,

) (

|| ||

2

||

a a a

v a

a

v v a

a

  







 





 











v v

  For projectile motion, 

y

gv g

    

v a j a



 

so ,

ˆ

, and the compone nts of acceleration  parallel and perpendicular to the velocity are 

2 2

1

s m 9 . 8 , s m 1 . 4 :



t

. 

2

2

s m 8 . 9 , 0 : t

. 

2 2

3

s m 9 . 8 , s m 1 . 4 : t

.   e)      f) At  t 1 , the projectile is moving upward but slowing down; at  t 2  the motion is  instantaneously horizontal,  but the vertical component of velocity is decreasing; at  t 3 , the  projectile is falling down and its speed is increasing. The horizontal component of  velocity is constant.    



 EMBED Word.Document.8 \s [image: image15.emf]3.16 : a) Solving Eq. (3.18) with 

m 75 . 0 , 0

0

 

y y

 gives 

s 391 . 0



t

.   b) Assuming a horizontal tabletop, 

0

0



y

v

, and from Eq. (3.16), 

s m 58 . 3 / ) (

0 0

  

t x x v

x

.       c) On striking the floor, 

s m 83 . 3 2

0

     

gy gt v

y

, and so  the ball has a velocity  of magnitude 

s m 24 . 5

, directed 



9 . 46

 below the horizontal.            d)       Although not asked for in the problem, this  y  vs.  x  graph shows the trajectory of the  tennis ball as viewed from the side.      



 EMBED Word.Document.8 \s [image: image16.emf]3.17 : The range of a projectile is given in Example 3.11, 

g v R

0

2

0

2 sin

 

.   a)

km 38 . 1 ) s m 80 . 9 ( 110 sin ) s m 120 (

2

2

 

.b)

km 4 . 8 ) s m 6 . 1 ( 110 sin ) s m 120 (

2

2

 

.  



 EMBED Word.Document.8 \s [image: image17.emf]3.18:  a) The time  t  is 

s 63 . 1

2

0

s m 80 . 9

s m 0 . 16

 

g

v

y

.      b) 

m 1 . 13

2

0

2

1

2

2

1

2

0

  

g

v

y

y

t v gt

.      c) Regardless of how the algebra is done, the time will be twice that found in part (a),  or 3.27 s   d) 

x

v

is constant at 

s m 0 . 20

, so 

m 3 65 s) 27 . 3 )( s m 0 . 20 ( .



.   e)        



 EMBED Word.Document.8 \s [image: image18.emf]3.19:  a) 

s m 0 . 18 9 . 36 sin ) s m 0 . 30 (

0

  

y

v

; solving Eq. (3.18) for  t  with 

0

0



y

 and 

m 0 . 10



y

 gives    

s 99 2 s, 68 . 0

s m 80 . 9

) m 0 . 10 )( s m 80 . 9 ( 2 ) s m 0 . 18 ( ) s m 0 . 18 (

2

2

2

. t



 



     b) The  x - component of velocity will be 

s m 0 . 24 9 . 36 cos ) s m 0 . 30 (

 

 at all times.  The  y - component, obtained fro m Eq. (3.17), is 

s m 3 . 11

 at the earlier time and 

s m 3 . 11



 at the later.      c) The magnitude is the same, 

s m 0 . 30

, but the direction is now 



9 . 36

 below the  horizontal.      



 EMBED Word.Document.8 \s [image: image19.emf]3.20:  a) If air resistance is to be ignored, the components of acceleration are 0  horizontally and 

2

s m 80 . 9

  

g

 vertically.      b) The  x - component of velocity is constant at 

s m 55 . 7 0 . 51 cos ) s m 0 . 12 (

  

x

v

. The  y - component is 

s m 32 . 9 0 . 51 sin ) s m 0 . 12 (

0

  

y

v

 at r elease and 

s m 06 . 11 ) s 08 . 2 )( s m 80 . 9 ( ) s m 57 . 10 (

2

0

    

gt v

y

 when the shot hits.      c) 

m 7 15 s) 08 . 2 )( s m 55 . 7 (

0

. t v

x

 

.      d) The initial and final heights are not the same.      e) With 

0



y

 and  v 0y  as found above, solving Eq. (3.18) for 

m 81 . 1

0



y

.            f)       



 EMBED Word.Document.8 \s [image: image20.emf]3.21:  a) The time the quarter is in the air is the horizontal distance divided by the  horizontal component of velocity. Using this time in Eq. (3.18),  

rounded. m 53 . 1

60 cos ) s m 4 . 6 ( 2

m) 1 . 2 )( s m 80 . 9 (

m) 1 . 2 ( 60 tan
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2
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
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 

  





v

gx

x
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x

v y y
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x

y

       b) Using the same expression for the time in terms of the horizontal distance  in   Eq. (3.17),  

. s m 89 . 0

60 cos ) s m 4 . 6 (

) m 1 . 2 )( s m 80 . 9 (

60 sin ) s m 4 . 6 (

cos

sin

2

0 0

0 0

 



    





v

gx

v v

y

     



 EMBED Word.Document.8 \s [image: image21.emf]3.22:  Substituting for  t  in terms of  d  in the expression for 

dart

y

 gives  

.

cos 2

tan

0

2 2

0

0 dart

















 





v

gd

d y

    Using the given values for  d  and 

0



 to express this as a function of 

0

v

,  

.

s m 62 . 26

90 . 0 ) m 00 . 3 (

2

0

2 2

















 

v

y

  Then, a) 

m 14 . 2



y

, b) 

m 45 . 1



y

, c) 

m 29 . 2

 

y

. In the last case, the dart was fired  with so slow a speed that it hit the ground before traveling the 3 - meter horizontal  distance.  



 EMBED Word.Document.8 \s [image: image22.emf]3.23:  a) With 

0



y

v

 in Eq. (3.17), solving for  t  and substituting into Eq. (3.18) gives  

m 6 . 13

) m/s 80 . 9 ( 2

0 . 33 sin ) m/s 0 . 30 (

2

sin

2

) (

2

2 2

0

2 2

0

2

0

0





   

g

v

g

v

y y

y



       b) Rather than solving a quadratic, the above height may be used to find the time the  rock takes to fall from its greatest  height to the ground, and hence the vertical component  of velocity, 

m/s 7 . 23 ) m/s m)(9.80 6 . 28 ( 2 2

2

  

yg v

y

, and so the speed of the  rock is

m/s 6 . 34   )) 33.0 m/s)(cos 0 . 30 (( m/s) 7 . 23 (

2 2

  

.      c) The time the rock is in the air is given by the change in the vertical component of  velocity divided  by the acceleration   – g ; the distance is the constant horizontal  component of velocity multiplied by this time, or  

m. 103

) m/s 80 . 9 (

)) 0 m/s)sin33. ((30.0 m/s 23.7 (

0 m/s)cos33. 0 . 30 (

2





  

 

x

     d)        



 EMBED Word.Document.8 \s [image: image23.emf]3.24:    a)  
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0
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s) 00 . 3 m/s)( 0 . 25 (
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  

            

 

1 . 53



             b)  

m/s 0 . 15 53.1 cos m/s) 0 . 25 (

  

x

v

          

0



y

v

           

m/s 0 . 15



v

           

downward m/s 80 . 9

2



a

       c) Find  y  when 

300s t



                          

2

0

2

1

sin gt t v y

  

                              

2 2

s) 00 . 3 )( m/s 80 . 9 (

2

1

)(3.00s) .1 m/s)(sin53 0 . 25 (

  

                              

m 9 . 15


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 

x

v

          

41 . 9 s) 00 . 3 )( m/s 80 . 9 ( ) 53.1 m/s)(sin 0 . 25 ( sin   

2

0

      

gt v v

y



                           

m/s 7 . 17 m/s 41 . 9 ( ) m/s 0 . 15 (
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2 2

     

y x
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 EMBED Word.Document.8 \s [image: image24.emf]3.25:    Take 

y

  to be downward.      a) Use the vertical motion of the rock to find the initial height.  

? , m/s 80 . 9 s, 0 . 20 s, 00 . 6

0

2

0

      

y y a v t

y y

 

m 296 gives

0

2

2

1

0 0

    

y y t a t v y y

y y

        b) In 6.00 s the balloon travels downward a distance 

m 120 s) s)(6.00 0 . 20 (

0

  

y y

.  So , its height above ground when the rock hits is 

m 176 m 120 m 296

 

.         c) The horizontal distance the rock travels in 6.00 s is 90.0 m. The vertical component  of the distance between the rock and the basket is 176 m, so the rock is 

m 198 m) 90 ( m) 176 (

2 2

 

 from the basket when it hits the ground.         d) (i) The basket has no horizontal velocity, so the rock has horizontal velocity 15.0  m/s relative to the basket.   Just before the rock hits the ground, its vertical component of velocity is 

m/s 78.8 s) 00 . 6 )( m/s (9.80 s 0 . 20

2

0

    

t a v v

y y y

, downward, relative to the ground.  The basket is moving downward at 20.0 m/s, so relative to the basket the rock has  downward component of velocity 58.8 m/s.      e) horizontal: 15.0 m/s; vertical: 78.8 m/s      



 EMBED Word.Document.8 \s [image: image25.emf]3.26:  a) horizontal motion: 

t

x

t t v x x

) 43 cos (v

m 0 . 60

0 0

0

   so   



  

    vertical motion (take 

y



 to be upward):  

2 2

2

1

0

2

2

1

0 0

) m/s 80 . 9 ( ) 43.0 sin    ( m 25.0    gives    t t v t a t v y y

y y

      

  Solving these two simultaneous equations for 

0

v

 and  t  gives 

m/s 26 . 3

0



v

 and 

s 51 . 2



t

.   b) 

y

v

 when shell reaches cliff:    

  m/s   4 . 2 s)   )(2.51 m/s   80 . 9 ( 43.0 sin    m/s)   6 . 32 (

2

0

      

t a v v

y y y

  The shell is traveling downward when it reaches the cliff, so it lands right at the edge of  the cliff.      



 EMBED Word.Document.8 \s [image: image26.emf]3.27:  Take 

y

   to be upward.   Use the vertical motion to find the time it takes the suitcase to reach the ground:  

?   m,   114   , m/s 80 . 9    , 23 sin   

0

2

0 0

       

t y y a v v

y y

 

s 60 . 9    gives  

2

2

1

0 0

   

t t a t v y y

y y

      The distance the suitcase travels horizontally is 

m   795 ) 23.0   cos   (

0 0 0

    

t v v x x

x

     



 EMBED Word.Document.8 \s [image: image27.emf]3.28:  For any item in the washer, the centripetal acceleration will be proportional to the  square of the frequency, and hence inversely proportional to the square of the rotational  period; tripling the centripetal acceleration involves decreasing the perio d by a factor of 

3

, so that the new period 

T



 is given in terms of the previous period  T  by 

3 / T T





.      



 EMBED Word.Document.8 \s [image: image28.emf]3.29:  Using the given values in Eq. (3.30),    

. 10 4 . 3 m/s    034 . 0

s/h))   h)(3600   24 ((

m)   10 38 . 6 ( 4

3 2

2

6 2

rad

g a



  







  (Using the time for the siderial day instead of the solar day will give an answer that  differs in the third place.)    b) Solving Eq. (3.30) for the period  T  with 

g a



rad

,    

h.   1.4   ~   s   5070

m/s   9.80

m) 10 38 . 6 ( 4

2

6 2









T

       



 EMBED Word.Document.8 \s [image: image29.emf]3.30 : 

rev/s   9.17   rev/min    550

 , corresponding to a period of 0.109 s. a) From Eq. (3.29), 

m/s   196

2

 

T

R

v



. b) From either Eq. (3.30) or Eq. (3.31), 

g   10 15 . 1 m/s   10 13 . 1

3 2 4

rad

   

a

.    



 EMBED Word.Document.8 \s [image: image30.emf]3.31:  Solving Eq. (3.30) for  T  in terms of  R  and 

rad

a

,      a)

s   07 . 3 ) m/s   .80 m)/(3.0)(9   0 . 7 ( 4

2 2

 

.    b) 1.68 s.      



 EMBED Word.Document.8 \s [image: image31.emf]3.32:  a) Using Eq. (3.31), 

m/s   10 97 . 2

4

2

 

T

R



.   b) Either Eq. (3.30) or Eq. (3.31) gives 

2 3

rad

m/s   10 91 . 5



 

a

.    c) 

m/s   10 78 . 4

4

 

v

, and 

2 2

m/s   10 97 . 3



 

a

.      



 EMBED Word.Document.8 \s [image: image32.emf]3.33:  a) From Eq. (3.31), 

2 2

m/s   3.50 m)   0 . 15 /( m/s)   00 . 7 (

 

a

. The acceleration at the  bottom of the circle is toward the center, up.      b)

2

m/s   50 . 3



a

, the same as part (a), but is directed  down , and still towards the center.  c) From Eq. (3.29),  

s   12.6 m/s)   m)/(7.00   0 . 15 ( 2 / 2

    

v R T

.      



 EMBED Word.Document.8 \s [image: image33.emf]3.34:  a) 

2 2

rad

m/s   .643 0 m)   14 /( m/s)   3 (

 

a

, and 

2

tan

m/s   5 . 0



a

. So, 

   

37.9   , m/s   814 . 0 ) ) m/s   5 . 0 ( ) m/s   643 . 0 ((

2 2 / 1 2 2 2 2

a

 to the right of vertical.      b)        



 EMBED Word.Document.8 \s [image: image34.emf]3.35:  b) No. Only in a circle would 

rad

a

 point to the center (See planetary motion in  Chapter 12).      c) Where the car is farthest from the center of the ellipse.    



 EMBED Word.Document.8 \s [image: image35.emf]3.36:  Repeated use of Eq. (3.33) gives a) 

m/s   0 . 5

  to the right, b) 16.0 m/s to the left,  and c) 

m/s   0 . 13



 to the left.    



 EMBED Word.Document.8 \s [image: image36.emf]3.37:  a) The speed relative to the ground is 

m/s   2.5 m/s   1.0 m/s   5 . 1

  , and the time is 

s.   14.0 m/s   m/2.5   0 . 35



 b) The speed relative to the ground is 0.5 m/s, and the time is    70  s.    



 EMBED Word.Document.8 \s [image: image37.emf]3.38:  The walker moves a total distance of 3.0 km at a speed of 4.0 km/h, and takes a  time of three fourths of an hour (45.0 min). The boat’s speed relative to the shore is 6.8  km/h downstream and 1.2 km/h upstream, so the total time the rower takes is    

min.   88 hr   47 . 1

km/h   1.2

km   5 . 1

km/h   6.8

km   5 . 1

  

   



 EMBED Word.Document.8 \s [image: image38.emf]3.39:  The velocity components are    

    south, 2 m/s)/   (0.40    and east   2 m/s)/   (0.40 m/s   50 . 0

 

  for a velocity relative to the earth of 0.36 m/s, 



5 . 52

 south of west.    



 EMBED Word.Document.8 \s [image: image39.emf]3.40:  a) The plane’s northward component of velocity relative to the air must be 80.0  km/h, so the heading must be 

 

14 arcsin 

320

80.8

 north of west. b) Using the angle found in  part (a), 

km/h   310   14   cos   km/h) 320 (

 

. Equivalently, 

km/h   310 km/h)   0 . 80 ( km/h)   320 (

2 2

 

.          



 EMBED Word.Document.8 \s [image: image40.emf]3.41:  a) 

   

5 . 25 arctan    m/s,   7 . 4 m/s)   2 . 4 ( m/s)   0 . 2 (

4.2

2.0

2 2

, south of east.      b) 

s   190 m/s   m/4.2   800



.      c) 

m   381 s   190 m/s   0 . 2

 

.      



 EMBED Word.Document.8 \s [image: image41.emf]3.42:  a) The speed relative to the water is still 4.2 m/s; the necessary heading of the boat  is 

 

28 arcsin 

4.2

2.0

 north of east. b) 

m/s   7 . 3 m/s)   0 . 2 ( m/s)   2 . 4 (

2 2

 

, east. d) 

s   217 m/s   m/3.7   800



, rounded to three significant figures.      



 EMBED Word.Document.8 \s [image: image42.emf]3.43:  a)            b) 

  m/s   1 . 42 45 m/s)sin    (10 m/s)   35 ( :   m/s.   7.1 45   cos   m/s)   10 ( :

         

y x

.        c) 

  80 arctan    m/s,   7 . 42 m/s)   1 . 42 ( m/s)   1 . 7 (

1 . 7

1 . 42

2 2

     





, south of west.      



 EMBED Word.Document.8 \s [image: image43.emf]3.44:  a) Using generalizations of Equations 2.17 and 2.18, 

2

2

0

3

3

0

  , t t v v t v v

y y x x





     

, and 

3

6

2

2

0

4

12

0

  , t t t v y t t v x

y x

 



    

.  b) Setting 

0



y

v

 yields a quadratic in 

2

2

0

0   , t t v t

y



   

, which has as the positive solution    

 

s,   59 . 13 2

1

0

2

      



v t

  keeping an extra place in the intermediate calculation. Using this time in the expression  for  y ( t ) gives a maximum height of 341 m.  



 EMBED Word.Document.8 \s [image: image44.emf]3.45:  a) The 

0



x

a

 and 

β a

y

2

  , so the velocity and the acceleration will be  perpendicular only when 

0



y

v

, which occurs at 

0



t

.      b) The speed is 

0 /   , ) 4 (

2 / 1 2 2 2

   

dt dv t β v

 at 

0



t

. (See part d below.)      c)  r  and  v  are perpendicular when their dot product is 0: 

0 2 m)   0 . 30 ( ) 2 ( ) m   0 . 15 ( ) )( (

3 2 2 2

          

t β βt t βt βt t

. Solve this for  t : 

s   208 . 5

2 2

2 2

) m/s   500 . 0 ( 2

m/s)   2 . 1 ( ) m/s   m)(0.500   0 . 30 (

   



t

, and 0 s, at which times the student is at (6.25 m,  1.44 m) and (0 m, 15.0 m), respectively.      d) At 

s   208 . 5



t

, the student is 6.41 m from the origin, at an angle of 



13

 from the  x - axis. A plot of 

2 / 1 2 2

) ) ( ) ( ( ) ( t y t x t d

 

 shows the minimum distance of 6.41 m at 5.208  s:           e) In the  x   -   y  plane the student’s  path is:        



 EMBED Word.Document.8 \s [image: image45.emf]3.46 :  a) Integrating, 

j t i t t

ˆ

) (

ˆ

) (

2

2

3

3

 

   

r

 . Differentiating, 

j i a

ˆ ˆ

) 2 (

    

 .     b) The positive time at which 

0



x

 is given by 



α t 3

2



. At this time, the  y - coordinate  is    

m   0 . 9

) m/s   6 . 1 ( 2

) m/s   m/s)(4.0   4 . 2 ( 3

2

3

2

3

2

2

   



 

t y

  .    



 EMBED Word.Document.8 \s [image: image46.emf]3.47:    a) The acceleration is    

2 2

2 2

m/s   1 m/s   996 . 0

) m   300 ( 2

km/h))   m/s)/(3.6   km/h)(1   88 ((

2

   

x

v

a

      b) 

 

 



4 . 5 arctan

m   300 m   460

m   15

.  c) The vertical component of the velocity is 

 

m/s   3 . 2 km/h)   88 (

m   160

m   15

km/h   3.6

m/s   1



. d) The average speed for the first 300 m is 44 km/h, so  the elapsed time i s    

s,   1 . 31

km/h)   /(3.6 5.4 m/s)cos   km/h)(1   (88

m   160

km/h)   m/s)(3.6   km/h)(1   (44

m   300







  or 31 s to two places.    



 EMBED Word.Document.8 \s [image: image47.emf]3.48:           a)       The equations of motions are:    

α v v

gt α v v

t α v x

gt t α v h y

x

y

  cos  

sin   

)   cos   (

2

1

) sin    (

0

0

0

2

0



 



  

      Note that the angle of 

369





 results in 

3/5 36.9   sin

 

 and 

4/5 36.9   cos

 

.       b) At the top of the trajectory, 

0



y

v

. So lve this for  t  and use in the equation for  y  to  find the maximum height: 

g

α v

t

sin   

0



. Then, 

   

2

sin   

2

1

sin   

0

0 0

) sin    (

g

α v

g

α v

g α v h y

  

, which  reduces to 

2g

  sin  

2

2

0

α v

h y

 

. Using 

8 / 25

0

gh v



, and 

5 / 3   sin



α

, this becomes 

h h h y

g

gh

16

9

2

) 5 / 3 )( 8 / 25 (

2

   

, or 

h y

16

25



. Note: This answer assumes that 

h y



0

. Taking 

0

0



y

 will give a result of 

h y

16

9



 (above the roof).       c) The total time of flight can be found from the  y  equation  by setting 

0



y

, assuming 

h y



0

, solving the quadratic for  t  and inserting the total flight time in the  x  equation to  find the range. The quadratic is 

0

0

5

3

2

2

1

  

h v gt

. Using the quadratic formula gives 

) ( 2

) )( ( 4 ) ) 5 / 3 ( ( ) 5 / 3 (

2

1

2

1

2

0 0

g

h g v v

t

   



. Substituting 

8 / 25

0

gh v



 gives 

g

gh

gh gh

t

8

16

8

25

25

9

8 / 25 ) 5 / 3 (

  



.  Collecting terms gives  t : 

   

g

h

g

h

g

h

g

h

t

2 2 2

1

2

25

2

9

2

1

5 3

   

. Only the positive root is  meaningful and so 

g

h

t

2

4



. Then, using 

 

 

h x t α v x

g

h

gh

4 4   , )   cos   (

2 5

4

8

25

0

  

.      



 EMBED Word.Document.8 \s [image: image48.emf]3.49:  The range for a projectile that lands at the same height from which it was launched  is 

g

α v

R

2 sin   

2

0



. Assuming 

 

45 α

, and 

m/s   22   m,   50

0

  

gR v R

.      



 EMBED Word.Document.8 \s [image: image49.emf]3.50:  The bird’s tangential velocity can be found from    

m/s   05 . 10

s   5.00

m   27 . 50

s   00 . 5

) m 00 . 8 ( 2

rotation   of   time

nce circumfere

   



x

v

  Thus its velocity consists of the components 

m/s   05 . 10



x

v

 and 

m/s   00 . 3



y

v

. The speed  relative to the ground is then    

m/s   10.5 or    m/s   49 . 10 002 . 3 052 . 10

2 2

    

y x

v v v

     (b) The b ird’s speed is constant, so its acceleration is strictly centripetal – entirely in the  horizontal direction, toward the center of its spiral path – and has magnitude    

2 2

2 2

c

m/s 12.6 or          m/s   63 . 12

m   00 . 8

m/s)   05 . 10 (

  

r

v

a

x

     (c) Using the vertical and horizontal velocity components:    

  



6 . 16

m/s   10.05

m/s   00 . 3

tan

1



   



 EMBED Word.Document.8 \s [image: image50.emf]3.51:  Take 

y

  to be downward.   Use the vertical motion to find the time in the air:  

?   m,   25 , m/s   80 . 9   , 0

0

2

0

    

t y y a v

y y

 

s   259 . 2   gives  

2

2

1

0 0

   

t t a t v y y

y y

  During this time the dart must travel 90 m horizontally, so the horizontal component of  its velocity mus t be  

m/s   40

s   25 . 2

m   90

0

0

 





t

x x

v

x

   



 EMBED Word.Document.8 \s [image: image51.emf]3.52:  a) Setting 

h y

   in Eq. (3.27) ( h  being the stuntwoman’s initial height above the  ground) and rearranging gives    

, 0

2   cos   sin    2

2

0 0 0

2

0

2

  

h

g

v

x

g

α α v

x

x

  The easier thing to do here is to recognize that this can be put in the form    

, 0

2

  2

2

0

0 0

2

  

h

g

v

x

g

v v

x

x

y x

  the solution to which is    

 

(south).   m   5 . 55 2

2

0 0

0

   

gh v v

g

v

x

y y

x

       b) The graph of 

) (t v

x

 is a horizontal line.        



 EMBED Word.Document.8 \s [image: image52.emf]3.53:  The distance is the horizontal speed times the time of free fall,    

m.   274

) m/s   (9.80

m)   2(90

m/s)   0 . 64 (

2

2

 

g

y

v

x

   



 EMBED Word.Document.8 \s [image: image53.emf]3.54:  In terms of the range  R  and the time  t  that the balloon is in the air, the car’s original  distance is 

t v R d

car

 

. The time  t  can be expressed in terms of the range and the  horizontal component of velocity, 

 

0 0

car

0 0

  cos     cos  

1    so    ,

α v

v

α v

R

R d t

  

. Using 

g α v R / 2 sin     

0

2

0



 and the given values yields 

m   5 . 29



d

.      



 EMBED Word.Document.8 \s [image: image54.emf]3.55:  a) With 

 

45

0



, Eq. (3.27) is solved for 

y x

gx

v





2

2

0

. In this case, 

m   9 . 0

 

y

 is the  change in height. Substitution of numerical values gives 

m/s   8 . 42

0



v

.  b) Using the  above algebraic expression  for 

0

v

 in Eq. (3.27) gives    

m)   9 . 188 (

m 188

2

















 

x

x y

  Using 

m   116



x

 gives 

m   1 . 44



y

 above the initial height, or 45.0 m above the ground,  which is 42.0 m above the fence.      



 EMBED Word.Document.8 \s [image: image55.emf]3.56:  The equations of motions are 

2

0

2 / 1 ) sin    ( gt t α v y

 

 and 

t α v x )   cos   (

0



, assuming  the match starts out at 

0



x

 and 

0



y

. When the match goes in the wastebasket for the  minimum  velocity, 

D y 2



 and 

D x 6



. When the match goes in the wastebasket for the  maximum  velocity, 

D y 2



 and 

D x 7



. In both cases, 

. 2 / 2   cos     sin

 

α α

.       To reach the  minimum  distance: 

t v D

0

2

2

6



, an d 

2

2

1

0

2

2

2 gt t v D

 

. Solving the first  equation for  t  gives 

0

2 6

v

D

t



. Substituting this into the second equation gives 

 

2

2 6

2

1

0

6 2

v

D

g D D

 

. Solving this for 

0

v

 gives 

gD v 3

0



.       To reach the  ma ximum  distance: 

t v D

0

2

2

7



, and 

2

2

1

0

2

2

2 gt t v D

 

. Solving the first  equation for  t  gives 

0

2 7

v

D

t



. Substituting this into the second equation  gives

 

2

2 7

2

1

0

7 2

v

D

g D D

 

. Solving this for 

0

v

 gives 

gD gD v 13 . 3 5 / 49

0

 

, which,  as expected, is larger than the previous result.      



 EMBED Word.Document.8 \s [image: image56.emf]3.57:  The range for a projectile that lands at the same height from which it was launched  is 

g

α v

R

2 sin   

2

0



, and the maximum height that it reaches is 

g

α v

H

2

  sin  

2 2

0



. We must find  R   when 

D H



 and 

gD v 6

0



. Solving the height equation for 

g

α gD

D

2

sin   6

2

  , sin 

 

, or 

2 / 1

) 3 / 1 ( sin

 

. Then, 

g

gD

R

) sin(70.72   6





, or 

D D R 2 4 6569 . 5

 

.    



 EMBED Word.Document.8 \s [image: image57.emf]3.58:  Equation 3.27 relates the vertical and horizontal components of position for a given  set of initial values.      a) Solving for 

0

v

 gives    

.

 tan 

  cos   2 /

0

0

2 2

2

0

y x

gx

v









  Insertion of numerical values gives 

m/s   6 . 16

0



v

.       b) E liminating  t  between Equations 3.20 and 3.23 gives 

y

v

 as a function of 

x

,    

.

  cos  

sin   

0 0

0 0





v

gx

v v

y

 

  Using the given values yields 

m/s,    98 . 6   m/s,    28 . 8   cos  

0 0

   

y x

v v v



 so 

m/s,    8 . 10 ) m/s    98 . 6 ( ) m/s   28 . 8 (

2 2

   

v

 at an angle of 

 

  



1 . 40 arctan 

24 . 8

98 . 6

, with  the negative sign indicating a direction  below  the horizontal.      c) The graph of 

) (t v

x

 is a horizontal line.      



 EMBED Word.Document.8 \s [image: image58.emf]3.59:  a) In Eq. (3.27), the change in height is 

h y

  . This gives a quadratic equation in  x , the solution to which is    

 

. 2   sin   sin   

  cos  

   cos  

2

tan

   cos  

0

2 2

0 0 0

0 0

0

2

0

0

2

0

2

0

gh v v

g

v

v
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g

v

x

  













 

 









      If 

0



h

, the square root reduces to 

0 0

sin   



v

, and 

R x



. b) The expression for  x     becomes 

] 98 . 0   sin     sin [   cos   m)   2 . 10 (

0

2

0

2

0

      

x

      The angle 

 

90

0



 corresponds to the projectile being launched straight up, and there  is no horizontal motion. If 

0

0

 

, the projectile moves h orizontally until it has fallen the  distance  h .         c) The maximum range occurs for an angle less than 



45

, and in this case the angle is  about 



36

.      



 EMBED Word.Document.8 \s [image: image59.emf]3.60:  a) This may be done by a direct application of the result of Problem 3.59; with 

  

40

0



, substitution into the expression for  x  gives 6.93 m.      b)          c) Using 

m)    9 1 m    0 14 ( . .



 instead of  h  in the above calculation gives 

m    3 6. x



, so the  man will not be hit.    



 EMBED Word.Document.8 \s [image: image60.emf]3.61:  a) The expression for the range, as derived in Example 3.10, involves the sine of  twice the launch angle, and    

, 2   sin 2 sin    180   cos 2   cos   180   sin ) 2 180 (   sin )) 90 ( 2 (   sin

0 0 0 0 0

             

α

  and so the range is the same. As an alternative, using 

 

cos ) 90 sin(

0

  

 and 

0 0

sin ) 90 cos(

    

 in the e xpression for the range that involves the product of the sine  and cosine of 

0



 gives the same result.       b) The range equation is 

g

v

R



2   sin

2

0



. In this case, 

m/s    2 . 2

0



v

 and 

m    25 . 0



R

.  Hence 

), m/s .2 2 m)/( 25 . 0 )( m/s 8 . 9 ( 2   sin

2 2



α

 or 

5062 . 0 2   sin



α

; and 

 

2 . 15 α

 or 



8 . 74

.      



 EMBED Word.Document.8 \s [image: image61.emf]3.62:  a) Using the same algebra as in Problem 3.58(a), 

m/s    8 13

0

. v

 .       b) Again, the algebra is the same as that used in Problem 3.58; 

m/s    4 8. v



, at an angle  of 



1 . 9

, this time above the horizontal.       c) The  graph of 

) (t v

x

 is a horizontal line.     A graph of 

) (t y

 vs. 

) (t x

 shows the trajectory of Mary Belle as viewed from the side:           d) In this situation it’s convenient to use Eq. (3.27), which becomes  

2 1

) m    071115 . 0 ( ) 327 . 1 ( x x y



 

. Use of the quadratic formula gives 

m    8 . 23



x

.      



 EMBED Word.Document.8 \s [image: image62.emf]3.63:  a) The algebra is the same as that for Problem 3.58,    

.  

) tan ( cos 2

0 0

2

2

2

0

y x

gx

v





 

  In this case, the value for  y  is 

m    0 15.



, the change in height. Substitution of numerical  values gives 17.8 m/s.   b) 28.4 m from the near bank (i.e., in th e water!).      



 EMBED Word.Document.8 \s [image: image63.emf]3.64:  Combining equations 3.25, 3.22 and 3.23 gives    
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1

sin ( 2
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2
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2
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2
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gt gt v v
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  

   

  



  

 

      where Eq. (3.21) has been used to eliminate  t  in favor of  y . This result, which will be seen  in the chapter dealing with conservation of energy (Chapter 7), is valid for any  y ,  positive, negative or zero, as long as

0

2



v

. For the case of a rock thrown from the roof  of a building of height  h , the speed at the ground is found by substituting 

h y

 

 into the  above expression, yielding 

gh v v 2

2

0

 

, which is independent of 

0



.      



 EMBED Word.Document.8 \s [image: image64.emf]3.65:    Take 

y

  to be upward. The vertical motion of the rocket is unaffected by its  horizontal velocity.       a) 

0



y

v

 (at maximum height), 

?    , m/s 80 . 9    m/s, 0 . 40

0

2

0

     

y y a v

y y

 

) ( 2

0

2

0

2

y y a v v

y y y

  

 gives 

m 6 . 81

0

 

y y

      b) Both the cart and the rocket have the same constant horizontal velocity, so both  travel the same horizontal distance while the rocket is in the air and the rocket lands in  the cart.       c) Use the vertical motion of the rocket to find the time it i s in the air.  

?   m/s, 40 , m/s 80 . 9   m/s, 40

2

0

     

t v a v

y y y

 

s 164 . 8    gives   

0

  

t t a v v

y y y

  Then 

m. 245 s) m/s)(8.164 0 . 30 (

0 0

   

t v x x

x

     d) Relative to the ground the rocket has initial velocity components 

m/s 0 . 30

0



x

v

 and 

m/s 0 . 40

0



y

v

, so it is traveling at 



1 53.

 above the horizontal.      e) (i)         Relative to the cart, the rocket travels straight up and then straight down   (ii)         Relative to the ground the rocket travels in a parabola.      



 EMBED Word.Document.8 \s [image: image65.emf]3.66:  (a)     

(ball) runner) (

x x

v v



         

θ . cos ) m/s 0 . 20 ( m/s 00 6



 

300 . 0 cos



θ

        

 

5 . 72 θ

    Time the ball is in the air:      

2

2

1

0

sin gt θt v y

 

     

2 2

) m/s 80 . 9 (

2

1

) 5 72 m/s)(sin 0 . 20 ( m 0 . 45 t t .

   

    Solve  for  t : 

s 549 . 5



t

.    

s) )(5.549 .5 m/s)(cos72 0 . 20 ( cos

0

  

θt v x

            

m 33.4



    (b)          



 EMBED Word.Document.8 \s [image: image66.emf]3.67:  Take 

y

  to be downward.      a) Use the vertical motion of the boulder to find the time it takes it to fall 20 m to the  level of the surface of the water.  

? m, 20   , m/s 80 . 9   , 0

0

2

0

    

t y y a v

y y

 

s 02 . 2   gives  

2

2

1

0 0

   

t t a t v y y

y y

  The rock must travel 100 m h orizontally during this time, so  

m/s. 49

s 2.20

m 100

0

0

 





t

x x

v

x

      b) The rock travels downward 45 m in going from the cliff to the plain. Use this  vertical motion to find the time:  

?   m, 45   , m/s 80 . 9   , 0

0

2

0

    

t y y a v

y y

 

s 03 . 3   gives  

2

2

1

0 0

   

t t a t v y y

y y

  During this time the rock travel s horizontally  

m 150 s) m/s)(3.03 49 (

0 0

   

t v x x

x

  The rock lands 50 m past the foot of the dam.      



 EMBED Word.Document.8 \s [image: image67.emf]3.68:  (a) When she catches the bagels, Henrietta has been jogging for 9.00 s plus the time  for the bagels to fall 43.9 m from rest. Get the time to fall:    

2

2

1

gt y



   

2 2

) m/s 80 . 9 (

2

1

m 9 . 43 t



             

s 99 . 2



t

    So she has been  jogging for 

s 12.0 s 99 . 2 s 00 . 9

 

. During this time she has gone 

m 36.6 s) m/s)(12.0 05 . 3 (

  

vt x

. Bruce must throw the bagels so they travel 36.6 m  horizontally in 2.99 s    

vt x



      

s) 99 2 ( m 6 . 36 . v



   

m/s 2 . 12



v

        (b) 36.6  m from the building.      



 EMBED Word.Document.8 \s [image: image68.emf]3.69 :   Take 

y

  to be upward.       a) The vertical motion of the shell is unaffected by the horizontal motion of the tank.  Use the vertical motion of the shell to find the time the shell is in the air:  

?   height)   initial    to (returns    0   , m/s 80 . 9   m/s, 4 . 43 sin

0

2

0 0

      

t , y y a α v v

y y

 

s 86 . 8   gives  

2

2

1

0 0

   

t t a t v y y

y y

      Relative to tank #1 the shell has a constant horizontal velocity 

m/s 2 . 246 cos

0

 

v

.  Relative to the ground the horizontal velocity component is 

m/s 261.2 m/s 15.0 m/s 2 . 246

 

. Relative to tank #2 the shell has horizontal velocity  component  

m/s 226.2 m/s 0 . 35 m/s 2 . 261

 

. The distance between the tanks when the  shell was fired is the 

m 2000 s) 86 . 8 ( m/s) 2 . 226 (



 that the shell travels relative to tank  #2 during the 8.86 s that the shell is in the air.       b) The tanks are initially 2000 m apart. In 8.86  s tank #1 travels 133 m and tank #2  travels 310 m, in the same direction. Therefore, their separation increases by 

m 177 m 183 m 310

 

. So, the separation becomes 2180 m (rounding to 3 significant  figures).      



 EMBED Word.Document.8 \s [image: image69.emf]3.70:  The firecracker’s falling time can be found from the usual    

g

h

t

2



  The firecracker’s horizontal position at any time  t  (taking the student’s position as 

0



x

)  is 

0

2

2

1

  

at vt x

 when cracker hits the ground , from which we can find that 

a v t / 2



.  Combining this with the expression for the falling time:    

g

h

a

v 2 2



     so    

2

2

2

a

g v

h



   



 EMBED Word.Document.8 \s [image: image70.emf]3.71:  a) The height above the player’s hand will be 

m 40 . 0

2

sin

2

0

2 2

0

2

0

 

g

v

g

v

y



, so the  maximum height above the floor is 2.23 m.   b) Use of the result of Problem 3.59 gives  3.84 m.   c) The algebra is the same as that for Problems 3.58 and 3.62. The distance   y  is 

m 1.22 m 83 . 1 m 05 . 3

 

, and    

m/s. 65 . 8

m) 22 . 1 35 tan m) 21 . 4 (( 35 cos 2

m) 21 . 4 ( ) m/s 80 . 9 (

2

2 2

0



  



v

      d) As in part (a), but with the larger speed,    

m. 09 . 3 ) m/s 80 . 9 ( 2 / 35 sin m/s) (8.65 m 83 . 1

2 2 2

  

  The distance from the basket is the distance from the foul line to the basket, minus half  the range, or    

m. 62 . 0 ) m/s 80 . 9 ( 2 / 70 sin ) m/s 655 . 8 ( m 21 . 4

2 2

  

  Note that an extra figure in the intermediate calculation was kept to avoid roundoff error.    



 EMBED Word.Document.8 \s [image: image71.emf]3.72:  The initial  y - component of the velocity is 

gy v

y
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, and the time the pebble is in  flight is 

g y t / 2



. The initial  x - component is 

y g x t x v

x

2 / /

2

0

 

. The magnitude of  the initial velocity is then    

,

y

x

gy

y

g x
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2

2

















   

  and the angle is 

 

) / 2 ( arctan arctan

0

0

x y

x

y

v

v



.      



 EMBED Word.Document.8 \s [image: image72.emf]3.73 : a) The acceleration is given as  g  at an angle of 

 1 . 53

 to the horizontal. This is a 3 - 4 - 5 triangle, and thus, 

g a g a

y x

) 5 / 4 (   and   ) 5 / 3 (

 

 during the "boost" phase of the flight.  Hence this portion of the flight is a straight line at an  angle of 



1 . 53

 to the horizontal.  After time  T , the rocket is in free flight, the acceleration is 

0



x

a

 and 

g a

y



, and the  familiar equations of projectile motion apply. During this coasting phase of th e flight, the  trajectory is the familiar parabola.             b) During the boost phase, the velocities are: 

gt v

x

) 5 / 3 (



 and 

gt v

y

) 5 / 4 (



, both  straight lines. After 

T t



, the velocities are 

gT v

x

) 5 / 3 (



,  a horizontal line, and 

) ( ) 5 / 4 ( T t g gT v

y

  

, a negatively sloping line which crosses the axis at the time of  the maximum height.               c) To find the maximum height of the rocket, set 

0



y

v

, and solve for  t , where 

0



t

  when the engines are cut off, use this time in the familiar equation for  y . Thus, using 

T t ) 5 / 4 (



 and 

.   , ) ( ) (   ,

2
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8
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y

        

Combining terms, 

2

25

18

max

gT y



.      d) To find the total horizontal distance, break the problem into t hree parts: The boost  phase, the rise to maximum, and the fall back to earth. The fall time back to earth can be  found from the answer to part (c), 

2 2

) 2 / 1 ( ) 25 / 18 ( gt gT



, or 

T t ) 5 / 6 (



. Then,  multiplying these times and the velocity, 

) )( ( ) )( (
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3

T gT T gT gT x

  

, or 

2
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2
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2
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3

gT gT gT x

  

. Combining terms gives 

2

2

3

gT x
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.      



 EMBED Word.Document.8 \s [image: image73.emf]3.74:  In the frame of the hero, the range of the object must be the initial separation plus  the amount the enemy has pulled away in that time. Symbolically, 
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v x t v x R
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, where 

E/H

v

 is the velocity of the enemy relative to the  hero,  t   is the time of flight, 

0x

v

 is the (constant)  x - component of the grenade’s velocity, as  measured by the hero, and  R  is the range of the grenade, also as measured by the hero.  Using Eq. (3 - 29) for  R , with 
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  and 
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  This quadratic is solved for    

km/h, 1 . 61 ) 4 2 2 (
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1

0

2

E/H E/H 0

   

gx v v v

  where the units for  g  and 

0

x

 have been properly converted. Relative to the earth, the  x - component of velocity is 

km/h 133.2 45 cos km/h) (61.1 km/h 0 . 90
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, the  y - component,  the same in both frames, is 

km/h 43.2 45 sin km/h) 1 . 61 (

 

, and the magnitude of the  velocity is then 140 km/h.      
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 EMBED Word.Document.8 \s [image: image75.emf]3.76:  a)    
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     b) Using the numbers from Example 3.1 and 3.2,    
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  The acceleration is due to changing both the magnitude and direction of the velocity. If  the direction of the velocity is changing, the magnitude o f the acceleration is larger than  the rate of change of speed.   c) 
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    

a v

 

, and so the above form  for 

dt

dv

 is seen to be 

. / v

a v

 



     



 EMBED Word.Document.8 \s [image: image76.emf]3.77:  a) The path is a cycloid.           b) To find the velocity components, take the derivative of  x  and  y  with respect to time: 

), cos 1 ( ωt R v

x

  

 and 

. sin ωt R v

y

 

 To find the acceleration components, take the  derivative of 

x

v

 and 

y

v

 with respect to time: 

t, R a

x

 

sin

2



 and  

t. R a

y

 

cos

2



     c) The particle is at rest 

) 0 (

 

x y

v v

 every period, namely at 

.... / 4   / 2   0 ω, π ω, π , t



 At  that time, 

; .. . 4   2   0 πR, πR, , x



 and 

. 0



y

 The acceleration is 

2



R a



 in the 

- y



direction.      d) No, since 

   

 

. cos sin

2

2 / 1

2

2

2

2

    

R t R t R a

  

     



 EMBED Word.Document.8 \s [image: image77.emf]3.78:  A direct way to find the angle is to consider the velocity relative to the air and the  velocity relative to the ground as forming two sides of an isosceles triangle. The wind  direction relative to north is half of the included angle, or 

,

 

53 . 11 ) 50 / 10 arcsin(

 east of  north.      



 EMBED Word.Document.8 \s [image: image78.emf]3.79:  Finding the infinite series consisting of the times between meeting with the brothers  is possible, and even entertaining, but hardly necessary. The relative speed of the brothers  is 70 km/h, and as they are initially 42 km apart, they will reach each  other in six - tenths  of an hour, during which time the pigeon flies 30 km.      



 EMBED Word.Document.8 \s [image: image79.emf]3.80:  a) The drops are given as falling vertically, so their horizontal component of  velocity with respect to the earth is zero. With respect to the train, their horizontal  component of velocity is 12.0 m/s, west (as the train is moving eastward).    b) Th e  vertical component, in either frame, is 

, . ( ) ( m/s 8 20 ) 30 tan / m/s 0 . 12

 

 and this is the  magnitude of the velocity in the frame of the earth. The magnitude of the velocity in the  frame of the train is 

m/s. 24 ) m/s 8 20 ) m/s 0 . 12 (

2 2

 

. (

 This is, of course, the same as 

. 30 sin / ) m/s 0 . 12 (



   



 EMBED Word.Document.8 \s [image: image80.emf]3.81:  a) With no wind, the plane would be 110 km west of the starting point; the wind has  blown the plane 10 km west and 20 km south in half an hour, so the wind velocity is 

km/h 7 . 44 ) km/h 40 ( ) km/h 20 (

2 2

 

 at a direction of 

 

63 ) 20 / 40 arctan(

 south of  west.     b) 

 

5 . 10 ) 220 / 40 arcsin(

 north of west.    



 EMBED Word.Document.8 \s [image: image81.emf]3.82:  a) 

v D / 2

 b) 

) /( 2

2 2

w v Dv



 c) 

2 2

/ 2 w v D



 d) 1.50 h, 1.60 h, 1.55 h.    



 EMBED Word.Document.8 \s [image: image82.emf]3.83:  a) The position of the bolt is 

, t t

2 2

) m/s 80 . 9 ( 2 / 1 ) m/s 50 . 2 ( m 00 . 3

 

 and the  position of the floor is (2.50 m/s) t . Equating the two, 

. ) m/s 90 . 4 ( m 00 . 3

2 2

t



 Therefore 

s. 782 . 0



t

   b) The velocity of the bolt is 

m/s 5.17 s) 782 . 0 )( m/s 80 . 9 ( m/s 50 . 2

2

  

  relative to Eart h, therefore, relative to an observer in the elevator 

m/s. 67 . 7 m/s 50 . 2 m/s 17 . 5

    

v

    c) As calculated in part (b), the speed relative to  Earth is 5.17 m/s. d) Relative to Earth, the distance the bolt travelled is 

m 04 . 1 ) s 782 . 0 )( m/s 90 . 4 s 782 . 0 )( m/s 50 . 2 ( ) m/s 80 . 9 ( 2 / 1 ) m/s 50 . 2 (

2 2 2 2

    

( ) t t

     



 EMBED Word.Document.8 \s [image: image83.emf]3.84:  

km/h 5 . 804 plane   of   speed Air 

h 60 . 6

km 5310

 

  With wind from A to B:    

h 70 . 6

BA AB

 

t t

  (1)   Same distance both ways:    

km 2655

2

km 5310

) km/h 5 . 804 (

AB w

  

t v

  (2)    

km 2655 km/h 5 . 804 (

BA w

 

)t v

  (3)   Solve (1), (2), and (3) to obtain wind speed 

:

w

v

   

km/h 1 . 98

w



v

   



 EMBED Word.Document.8 \s [image: image84.emf]3.85:  The three relative velocities are:  

J/G,

v



 Juan relative to the ground. This velocity is due north and has magnitude 

m/s. 00 . 8

J/G



v

 

,

B/G

v



 the ball relative to the ground. This vector is 



0 . 37

 east of north and has magnitude 

m/s. 0 . 12

B/G



v

 

,

B/J

v



 the ball relative to Juan. We are asked to find the magnitude and direction of this  vector.   The relative velocity addition equation is 

,

J/G B/J B/G

v v v

  

 

 so 

.

J/G B/G B/J

v v v

  

 

  Take 

y



 to be north and 

x



 to be east.  

m/s 222 . 7 0 . 37 sin

B/G B/J

   

v v

x

 

m/s 584 . 1 0 . 37 cos

/ B/G B/J

    

G J y

v v v

  These two components give 

m/s 39 . 7



B/J

v

 at 



4 . 12

 north of east.    



 EMBED Word.Document.8 \s [image: image85.emf]3.86:  a) 

m/s. 80 . 9 ) m 90 . 4 )( m/s 80 . 9 ( 2 2

2

0

  

gh v

y

   b) 

. s 00 . 1 /

0



g v

y

   c) The  speed relative to the man is 

, ) m/s 54 . 4 ) m/s 80 . 9 ( m/s 8 . 10 (

2 2

 

 and the speed relative  to the hoop is 13.6 m/s (rounding to three figures), and so the man must be 13.6 m in  front of the hoop at re lease.   d) Relative to the flat car, the ball is projected at an angle 

 

. 65 tan

m/s 54 . 4

m/s 80 . 9

1

  





 Relative to the ground the angle is 

 

  





7 . 35 tan

m/s 9.10 m/s 54 . 4

m/s 80 . 9

1



   



 EMBED Word.Document.8 \s [image: image86.emf]3.87:  a) 

m. 80 m/s 80 . 9 / 2 sin ) m/s 150 (
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      b) 
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





      c) The slower rise will tend to reduce the time in the air and hence reduce the radius.  The  slower horizontal velocity will also reduce the radius. The lower speed would tend  to increase  the time of descent, hence increasing the radius. As the bullets fall, the friction  effect is smaller than when they were rising, and the overall effect is to decrease the  radius.      



 EMBED Word.Document.8 \s [image: image87.emf]3.88:  Write an expression for the square of the distance 

) (

2

D

 from the origin to the  particle, expressed as a function of time. Then take the derivative of 

2

D

 with respect to  t ,  and solve for the value of  t  when this  derivative is zero. If the discriminant is zero or  negative, the distance  D  will never decrease. Following this process, 

. 5 . 70 9 / 8 sin

1

 



     



 EMBED Word.Document.8 \s [image: image88.emf]3.89:  a) The trajectory of the projectile is given by Eq. (3.27), with 

φ, θ

  

0

 and the  equation describing the incline is 

. tan θ x y



 Setting these equal and factoring out the 

0



x

 root (where the projectile i s on the incline) gives a value for 

;

0

x

 the range  measured along the incline is    

.  

cos

) ( cos

] tan ) [tan(

2

cos /

2 2

0


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




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  
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
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





θ

φ θ

φ θ

g

v

θ x

      b) Of the many ways to approach this problem, a convenient way is to use the same  sort of "trick", involving double angles, as  was used to derive the expression for the range  along a horizontal incline. Specifically, write the above in terms of 

φ, θ

  

 as    

.   ] sin cos cos cos [sin

cos

2

2

2

2

0

    



















g

v

R

  The dependence on 



 and hence 

φ

 is in the  second term. Using the identities 

), 2 cos 1 )( 2 / 1 ( cos    and    2 sin ) 2 / 1 ( cos sin

2

       

 this term becomes    

.   ] sin ) 2 )[sin( 2 / 1 ( ] sin 2 cos sin 2 sin )[cos 2 / 1 ( θ θ θ θ θ

       

  This will be a maximum when 

) 2 sin( θ

 

 is a maximum, at 

, θ φ θ

     

90 2 2

 or 

. 2 / 45 θ φ
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 Note that this reduces to the expec ted forms when 

0



θ

 (a flat incline, 

 

45 φ

 and when 

  

90 θ

 (a vertical cliff), when a horizontal launch gives the greatest  distance).      



 EMBED Word.Document.8 \s [image: image89.emf]3.90:  As in the previous problem, the horizontal distance x in terms of the angles is    
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  Denote the dimensionless quantity 

2

0

2 / v gx

 by 

; β

 in this case    

. 2486 . 0

) m/s 0 . 32 ( 2
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2

2





 

  The above relation can  then be written, on multiplying both sides by the product 

, ) cos( cos

   

   

,
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cos ) sin( ) cos( sin

 
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 
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

   

    The term on the left is 

,

   

sin ) ) sin((

  

 so the result of this combination is      

. cos ) cos( sin

      

    Alt hough this can be done numerically (by iteration, trial - and - error, or other methods),  the expansion 

)) sin( ) (sin( cos sin

2

1

b a b a b a

   

 allows the angle 



 to be isolated;  specifically, then    

, cos )) sin( ) 2 (sin(

2

1
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  with the net result that    
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      a) For 

,

 
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

 and 



 as found above, 

 
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

 and the angle above the horizontal is 
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 For level ground, using 
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 
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 b) For 
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

 the  same 


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
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 EMBED Word.Document.8 \s [image: image90.emf]3.91:  In a time 

t,

  the velocity vector has moved through an angle (in radians) 

R

t v



    (see Figure 3.23). By considering the isosceles triangle formed by the two velocity  vectors, the magnitude 

v
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

 i s seen to be 
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

 so that    
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  Using the given values gives magnitudes of 

2 2
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 and 

. m/s 0 . 10
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 The  instantaneous acceleration magnitude, 

2 2 2

m/s 0 10 m 50 . 2 /( m/s) 00 . 5 ( / . ) R v
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 is indeed  approached in t he limit at 

. 0

 

t

 The changes in direction of the velocity vectors are  given by 

R

t v


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 and are, respectively, 1.0 rad, 0.2 rad, and 0.1 rad. Therefore, the angle  of the average acceleration vector with the original veloci ty vector is 
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 EMBED Word.Document.8 \s [image: image91.emf]3.92:         The  x - position of the plane is 

t ) m/s 236 (

 and the  x - position of the rocket is 

. ) ( 30 cos ) m/s 80 . 9 )( 00 . 3 ( 2 / 1 ) m/s 236 (

2 2

T t t
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 The graphs of these two have the form,     If  we take 
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

y

 to be the altitude of the airliner, then 
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      

 for the rocket. This  graph looks like     By setting 

0



y

 for the rocket, we can solve for  t  in terms of 
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 Using the quadratic  formula for the variable 
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 EMBED Word.Document.8 \s [image: image92.emf]3.93:    a) Taking all units to be in km and h, we have three equations. We know that  heading upstream 
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 where 
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/

 is the speed of the curve relative to water  and 

wG

v



 is the speed of the wate r relative to the ground. We know that heading  downstream for a time 
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 We also know that for the bottle 
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 Solving these three equations for 

x, v x v

w c G w

  

2   ,

/ /

 therefore 

5 ) 2 (

  

t x x

 or 

. 5 ) 2 2 (

 

t x

 Also 

, x t 1 / 3

 

 so 

5 ) 1 )( 2 2 (

3

  

x

x

 or 

. 0 6 2

2

  

x x

 The positive solution is 
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